L hermitte-DucLos disease (LDD) is a neurological disease caused by a hamartomatous lesion in the cerebellum. 9 Clinical occurrence is most frequent among young adults, but individuals of all ages can be affected.
neonatal period and who was successfully treated with partial lesionectomy, and we discuss the pathophysiology involved in the case.
Case Report

History
The patient was a developmentally appropriate 10-yearold boy. He had been born through vaginal delivery at a gestational age of 39 weeks and had a history of complex febrile seizures starting at 2 years of age. Unprovoked VAs occurred frequently in the early neonatal period. At that time the attacks lasted only a few minutes and occurred almost hourly during wakefulness. Repeated metabolic screening tests and gastrointestinal tract investigations revealed no cause of the VAs. The patient's head circumference and neurodevelopmental course were normal. MRI at 8 months of age identified a lesion thought to be a hamartoma in the right cerebellum, but no causal relationship with the VAs was suspected at that time. The VAs were initially diagnosed as autonomic ataxia and had been treated with antiemetic drugs for approximately 10 years, but the patient's symptoms showed no improvements at all in frequency or duration. Repeated MRI did not show any progressing features. At 9 years of age, the patient experienced an afebrile generalized tonic-clonic seizure that recurred once a month despite antiepileptic treatment with carbamazepine and valproic acid.
Examination
At 10 years of age, the patient was referred to our epilepsy center for evaluation of the seizures. He showed mild cerebellar ataxia and dysmetria of the right side of his body in the period between VAs. The VAs appeared suddenly, without any clear initiating causes such as eating, motion, or position of the body, and they lasted only a few minutes. No other episodic cerebellar signs such as ataxia, vertigo, or nystagmus were evident during VAs. Long-term video-electroencephalography monitoringusing a standard 10-20 montage-recorded no epileptic abnormalities during the attacks or intermittent periods. Although generalized tonic-clonic seizures were controlled with zonisamide, the VAs persisted. MRI showed a cerebellar lesion fused to the right middle and inferior cerebellar peduncle without any SOL effect, but with some distortion of the dorsolateral medulla oblongata, as had been shown on MRI studies at the previous hospital. No cerebral lesions or hydrocephalus were revealed ( 1). FDG-PET showed hypermetabolism localized to the lesion (Fig. 1) . We diagnosed LDD and speculated that the patient's VAs were caused by the cerebellar lesion seen on MRI and FDG-PET.
Operation
We performed subtotal lesionectomy via a lateral suboccipital approach when the patient was 11 years old (Fig.  2) . Intraoperatively we observed that the lesion was completely fused with the right cerebellum. The surrounding cranial nerves appeared normal and unaffected. To preserve the middle cerebral peduncle, the lower part of the lesion below the level of cranial nerves VII and VIII was resected in piecemeal fashion. The lesion was also fused with the dorsolateral medulla oblongata, with no clear limit. The lower floor of the fourth ventricle and the obex were exposed after resection, resulting in removal of the lower portion of the cerebellar peduncle.
Postoperative Course and Follow-Up
The VAs disappeared immediately after surgery and no relapse has been seen for more than 2 years postoperatively. Transient aggravation of right cerebellar signs and gait disturbance were observed, but the patient made a full recovery from both within 2 months. Two years after surgery, the patient now enjoys daily living and school activities without any disabling symptoms. Histopathological findings were consistent with cerebellar gangliocytoma (Fig. 2) .
Discussion
The clinical presentation in LDD is typically attributed to an SOL effect or increased ICP-i.e., headache, cerebellar ataxia, cranial nerve palsies, disturbance of consciousness, or nausea/vomiting. 9 In our patient, the VAs were unaccompanied by increased ICP. The pattern of the VAs-i.e., long-term repetition of brief episodes from the early neonatal period-was considered unlikely to have been caused by increased ICP.
Vomiting can also be caused by SOL effects in the cerebellum, is often associated with disequilibrium and vertigo mimicking vestibular dysfunction, and is likely to be triggered by motion and position. 6 However, the VAs in our patient were independent of those triggers, and neurological examination showed only mild chronic cerebellar signs.
Vomiting is a reflective symptom mediated by the CNS. The vomiting center in the medulla oblongata comprises the lateral reticular formation and nucleus solitarius. [2] [3] [4] It can be stimulated by diverse afferent impulses from the gastrointestinal tract and brain, and reflexive efferent impulses to the peripheral organs induce vomiting. [2] [3] [4] 10 In our patient MRI demonstrated that the cerebellar lesion appeared to be fused with and to slightly distort the dorsolateral medulla oblongata, involving the right lower limit of the fourth ventricle where the area postrema is located as a chemoreceptor trigger zone. One possible mechanism thus might have involved mechanical stimulation of this structure by the lesion.
Why the symptoms in our patient occurred intermittently and repeated in a seizure-like manner remains unclear. Another hypothesis is neuronal irritation of the vomiting center through network connections. However, direct pathways between the cerebellum and reticular formation in the medulla oblongata have not been found in humans. 3 Three cases of patients with cerebellar hamartoma or ganglioglioma who experienced hemifacial seizures have been reported. 5, 7 Ictal SPECT demonstrated hyperperfusion at the lesion in each of those 3 patients. In addition, in one patient, repetitive theta rhythmic discharges were intraoperatively recorded from the lesion using a depth electrode, 5 suggesting that intralesional activity may have spread to the brainstem nuclei and resulted in seizures. A similar pathophysiology by way of pathological medullocerebellar connections might have been involved in our patient. However, we performed neither ictal SPECT nor intraoperative depth recording. In LDD, FDG-PET often identifies hypermetabolism localized in the cerebellar lesion, as with our patient. 8 This might suggest that tumor pathophysiology rather than functional hyperactivation is associated with frequent VAs. 8 We thus could not clarify the contributions of neuronal network-mediated mechanisms on the pathophysiology of VAs from this case.
The pathophysiology of VAs in LDD remains unclear. However, the fact that subtotal resection of the cerebellar lesion attached to the dorsolateral medulla oblongata resulted in immediate suppression of VAs in our patient suggests that the pathophysiology of LDD can include tumor-like SOL effects on the vomiting center of the medulla oblongata, and possibly neuronal network-mediated mechanisms.
